Due to factors like globalisation and the pet trade, increasing numbers of non-native animals are intentionally or unintentionally introduced outside their natural range (Bauer & Woog 2008 , Blackburn et al. 2009 ). In Germany alone, 360 non-native bird species have been recorded up to 2012, with 81 having bred at least once and 14 being considered established or 'naturalised', which means they have been breeding over a 25 year period or in three consecutive generations (Bauer & Woog 2012) . In Europe, few non-native birds so far have been classified 'invasive', mostly because data on their potential effects are lacking (Bauer & Woog 2011) . In order to classify a species as 'invasive', scientific studies need to demonstrate that it seriously threatens local biodiversity (CBD 2000 (CBD , 2002 , for example by interspecific competition for food and nesting places with indigenous species (Lever 2005 , Blackburn et al. 2009 .
Among the 26 parrot species introduced worldwide, the Ring-necked Parakeet Psittacula krameri is one of the most successful colonisers, having been reported from urban and rural areas in at least 27 countries (Lever 2005) . On the contrary, of the Yellowheaded Amazon Parrot Amazona oratrix only small naturalised populations are known in North America in California and Florida (Bauer & Woog 2008) , and in Europe there is only one known breeding population in Stuttgart, Germany. Very little is known about their ecological requirements or their potential invasiveness. To clarify the diet and feeding behaviour of naturalised Amazon Parrots, this study was undertaken in Stuttgart. We investigated how the parrots coped with the urban plant community which is novel to them, and asked whether the plants in gardens and parks were a potentially limiting factor for population growth.
There are some studies of Amazon Parrot diets in the wild (e.g. Blue-fronted Amazon, Ayuso et al. 2002; Lilac-crowned Parrots Amazona finschi, Renton 2001) , but very few on naturalised parrots (Garrett et al. 1997) . Within their natural range, Amazon populations are thought to be herbivorous generalists regarding their food choices (Munkes & Schrooten 2008) specialists, as they can use a broader range of food resources. This should facilitate the colonisation of new areas for these parrots.
Study species
Yellow-headed and Blue-fronted Amazon Parrots have their original range in Middle and South America. The Yellow-headed Amazon is found in Mexico in the lowland rainforests of the eastern coast and lowland dry forests of the western coast (Hoppe 1981; Forshaw 1989) , where they are threatened (Monterrubio-Rico et al. 2010) . Since the 1970s, the population has declined to only about 10% of its original size, and the species now has the IUCN status 'endangered' (BirdLife International 2013). In 1994, the wild population was estimated at 7000 individuals (Lousada & Howell 1996) . The Blue-fronted Amazon Parrot is not endangered and has a much wider distribution than the Yellow-headed Amazon Parrot (Juniper & Parr 1998) . It is mainly found in the central parts of South America: in eastern Brazil, Paraguay and northern Argentina. Locally, populations are declining because of deforestation and catches for the pet trade.
Study area
Since their introduction in 1984 and their first successful brood in 1986, a population of Yellow-headed Amazon Parrots has established itself in Stuttgart (Bauer & Woog 2008) and has grown to a maximum of 46 individuals in winter 2011/2012. In addition, some Blue-fronted Amazon Parrots and their hybrid offspring occur in the area. The population of parrots grows slowly, presumably because the Amazon Parrots start breeding only in their 5th year (Hoppe 1981) and have few young with low survival rates. Mortality in the urban population may occur through road accidents, collisions with electricity cables and windows, getting trapped in chimneys, being illegally shot, or due to cold temperatures in winter (T. Mika, K. Schwarz & C. König, pers. comm.). The Amazon Parrots forage in a large part of the city, specifically in parks, the zoo, various cemeteries and domestic backyards ( Figure 1 , Hoppe 1999) . These areas are rich in native and nonnative trees and shrubs from all over the world. Plants were identified using the park tree register and with the help of the botany department at the State Museum of Natural history in Stuttgart. At dusk, birds gather at roosting trees, mainly London Plane Platanus x acerifolia in the district of Bad Cannstatt (N48°48' 12.7" E9°1 3' 5.5", 207m above sea level), close to street lights and heavy traffic. In summer, this roosting site was only used by non-breeders if at all.
Observations
Foraging observations are ours unless indicated otherwise. Data by JM were collected in a period of intensive study between 4 April and 31 August 2011. Data by DH have been collected since 1984. Existing information on feeding behaviour and feeding preferences was collated.
Parrots were specifically looked for at locations where they had previously been seen. During the summer period they are very well camouflaged in the dense foliage and hence difficult to detect. Thus a more systematic approach of searches and observations was not possible and observations were made on an opportunistic basis. In 2011, whenever parrots were discovered feeding, photographs of them were taken and discarded food portions were documented, collected, dried and identified (Aichele & Bechtle 1997 , Roloff & Bärtels 1996 . 
Results
Amazon Parrots fed either directly from trees or plucked twigs, often with large tufts of flower or seed stands, using their sharp beaks. Subsequently, they held the twigs with one of their claws and then used their beaks to gnaw and finally ingest parts of the plucked objects. Characteristically, they only fed on a small portion of the items and discarded the rest. It is not known whether they are being selective or wasteful. Poisonous plant parts, such as needles and stones of the European Yew Tree Taxus baccata or berries of Common Ivy Hedera helix and unripe fruit or seeds were part of the parrots' diet (Appendix 1). Rarely, Amazon Parrots visited feeding places set up by people (T. Mika, pers. comm.). Moist rotten wood of London Planes, Oak Quercus sp. and Beech Fagus sp. was also taken. Amazon Parrots rarely fed on the ground; on a few occasions they were observed feeding on fallen hazelnuts Coryllus avellana. For drinking, water was taken from small puddles in branch forks and roof gutters, and in winter they fed on snow, e.g. on roofs.
A total of 64 food plant taxa from 23 plant families were identified as food of the Amazon Parrots in Stuttgart (Table 1) . The families most represented were the Rosaceae (15 taxa), Betulaceae (6 taxa), Sapindaceae (5 taxa) and 4 taxa each in the Cupressaceae, Juglandaceae, Pinaceae and Salicaceae (Figure 2A) . Of all taxa, 58% were native, and 42% non-native. The Amazon Parrots used various plant parts depending on seasonal availability and plant species. Most often they fed on fruit and seeds, but also on flowers, flower buds, bark, young shoots, leaves and needles ( Figure 2B ). 33% of the food plants contained toxic or bitter compounds.
Discussion
Collar (1997) states on parrots: "The chief feature of their diet, however, is its sheer variety". With over 60 food plant taxa this certainly holds true for the Amazon Parrots in the urban environment of Stuttgart. Their diet covers a wide range of food plants and plant parts, including a mixture of native and non-native tree and shrub species. Most often fruit and seeds were taken, presumably because they are rich in carbohydrates. Some seeds such as maple seem to be preferred ripe and dry. In their dry state they were available at times when other fruit and seed sources had become scarce. Buds from trees and shrubs were an important food source in winter and spring, where young shoots were also taken. The strong curved beak allows Amazon Parrots to feed on hard seeds and nuts of high nutritional content (Collar 1997) that are not available to other bird species in Europe, except a few species like Hawfinches Coccothraustes coccothraustes or Carrion Crows Corvus corone (Birmelin 2012) . Often, it looked as if parrots fed on fruit, but in reality they discarded the fruit pulp and were after the stones inside i.e. from plums and cherries. By eating the kernel they acted as seed predators, not dispersers.
To feed on palm nut kernels, Hyacinth Macaws Anodorhynchus hyacinthinus first remove the fibrous outer cover and then crack open the kernel (Collar 1997) . A similar behaviour was exhibited by the Yellow-headed Amazon Parrots in Stuttgart when they removed the green exocarp of walnuts before eating the unripe nuts themselves. Like Macaws, Amazon Parrots often feed on unripe fruit. In evolutionary terms this may open a food resource to parrots that in a ripe state would be less easy to get because of competition with other fruit eaters. Although fruit is seasonally plentiful in Europe and feeding on unripe fruit may not be adaptive in the current habitat, the Amazon Parrots in Stuttgart kept exhibiting this behaviour.
Amazon Parrots feed on plants that contain bittertasting compounds as glycosids, isoprenoids or alkaloids. Plant parts that are toxic for other animals because of defensive compounds are also included in their diet (Brightsmith 2004) . Toxicity can be reached for example by releasing hydrogen cyanide from cyanogenic glycosides as found in Rosaceans (fruit stones of Prunus taxa; Roth et al. 1994) . Amygdalin is found in the stones of Prunus-species such as plums. The cyanogenic glycoside sambunigrin is found in elder and apple seeds and in elder leaves and berries. Taxus frequently taken by Amazon Parrots especially in winter contains a mixture of poisonous compounds, i.e. cyanogenic glycosides and tannins (Roth et al. 1994) . The Amazon Parrots have also been seen to feed on bark and we hypothesise that this may help them to cope with the poisons ingested. Feeding on rotten wood might have the same effect. Many parrot species use clay and soil for neutralising poisons and for obtaining sodium which only scarcely occurs in food plants but is essential for vertebrates (Gilardi et al. 1999 , Brightsmith 2004 , Brightsmith & Villalobos 2011 , but this was never observed in Stuttgart.
Their feeding behaviour in general was very similar to that of Amazon Parrots in their natural range, that are also known to select only the best parts of what they pluck with their beaks, discarding the rest (Bosch & Wedde 1981) . Fruit and seeds from Juglans, Quercus, Prunus, Pinus, Malus, Ulmus, Alnus, Betula, Robinia, Thuja and Acer spp. were also found in the diet of naturalised Amazon Parrots in California (Garrett et al. 1997) . Regarding food availability, Amazon Parrots seem to thrive in urban areas, and we speculate therefore that breeding conditions, poor juvenile survival, accidents and cold temperatures in winter serve as a bottleneck for population growth.
Circumstantial evidence suggests that there was no negative effect on the native and non-native plants: although leaf and flower buds were fed upon in winter and spring, the trees still had full foliage in summer and fruit in autumn. The reason for the lack of a visible effect is probably that the parrot population is small, using a large area and feeding on a wide variety of plants. On the contrary, by dropping large numbers of seeds and fruit while foraging, Amazon Parrots in Stuttgart may in some cases even facilitate plant dispersal or make fruit and seeds available to grounddwelling mammals. As parrots feed on many food items ignored by native birds, there seems to be little competition regarding food resources. Further studies are needed on this subject.
